Treatment of neovascular age-related macular degeneration (AMD) has reached a new level with the advent of intravitreal VEGF inhibitors. Today VEGF inhibitors are the treatment of choice [1] . Nevertheless, repetitive injections generating considerable costs are required. Among possible alternatives or adjuvant treatments, radiation therapy enjoys a revival of interest. However, while the VIDION system for epimacular brachytherapy gains increasing popularity even in the lay press, it is important to understand the physical and pathophysiological properties of radiotherapy for AMD, and to rank it within the spectrum of the evidence-based therapies for neovascular AMD.
Radiation therapy in AMD is supposed to selectively inhibit proliferation of growing (endothelial) cells while sparing the repair mechanisms of slowly growing cells [2] . Additional effects such as inhibition of cells producing proangiogenic factors and cells involved in scar formation are possible. Radiation therapy is known to be successful for intraocular vascular tumors (choroidal cavernous hemangioma) [3] , and synergistic effects of VEGF inhibitors and radiation therapy compared to radiation alone were demonstrated in experimental studies in tumor biology [4] .
As in radiotherapy of tumors, radiation for AMD can be applied either as teletherapy or brachytherapy. The first pilot study investigating the effectiveness of external beam radiotherapy in noevascular AMD was published in 1993 by Chakravathy and coauthors [5] , using a photon beam delivering a target volume dose of 10-15 Gy in 16 patients.
Since this study, several studies were published using a linear accelerator, stereotactic radiation from different sources, proton beam irradiation [6] , as well as the newly developed microcollimated megavolt therapy [7] . Brachytherapy can be applied using either episcleral [8, 9] or epiretinal applicators via a pars plana approach [10] .
After the initial publication by Charkavarthy and coworkers [5] , several studies were published on external beam radiotherapy including randomised clinical trials (RAD study [2] and SFRADS study [11] ). None of these studies, as well as a recently published COCHRANE report [6] , was able to demonstrate a benefit of radiation therapy in the treatment of exudative AMD.
Brachytherapy has the benefit of avoiding radiation of tissue outside the target volume. Episcleral brachytherapy for AMD was performed using strontium ( 90 Sr/ 90 Y) or palladium plaques ( 103 Pa). 103 Pa is a (bitte griechisches gamma einsetzen)-emitter with a photon energy of 21 kV (compared to 28 kV for 125 I) with a lower tissue penetration compared to 125 I. Long-term results with a 103 Pa plaque were able to demonstrate a reduction of the exudation but no improvement in function [8] . 90 Sr is a β-emitter with a decay energy of 0.55 MeV and a half life of 27.78 years that decays to 90 Y with a decay energy of 2.27 MeV. The tissue penetration depth is limited due to a steep dose fall-off which allows a localized radiation therapy of a very small volume. The 50% isodose of strontium plaques in tissue is 1 mm [12] . In contrast to encouraging preliminary results, episcleral strontium brachytherapy for choroidal neovascularisation had no advantages compared to the natural course in long-term studies [9] .
The VIDION system of NeoVista Inc. is an afterloading system using 90 Sr/ 90 Y for irradiation of the macula. After a 3-port pars plana vitrectomy, the strontium source is forwarded through a hand-held applicator for macular irradiation until a target volume dose of 24 Gray is reached after 4 minutes [10] . Considering the steep dose fall-off, an extreme exact positioning (for a fraction of a millimeter) of the source is required to prevent large deviations from the 24 Gy target dose. As the target tissue is the choroid, the epiretinal placement of the probe results in a (presumably) unwanted higher dose in the retina compared to the underlying choroid.
So far, only phase I/II studies for epiretinal brachytherapy in AMD using the VIDION system have been published [13, 14] . While the first study demonstrated that a minimum dose of 24 Gy is required to achieve a therapeutic effect [14] , the other study demonstrated the effect of brachytherapy combined with two injections of bevacizumab [13] . Radiation-induced complications were not reported, and the average increase in visual acuity was 8.9 letters. The phase III study CABERNET included more than 450 patients since October 2009 to compare intravitreal injections with ranibizumab with the epiretinal brachytherapy using the VIDION system followed by two injections of ranibizumab injections 1 month apart thereafter (clinicaltrials.gov NCT00454389). To date, no data from this study have been published, and the study design may not allow to identify the effect of brachytherapy alone, as intravitreal injections are used in both arms.
An advantage of the VIDION system is the exact localization of the radiation. Disadvantages are the unfavourable dose distribution with respect to the target volume (subfoveal choroid), and in particular the high dose rate used when delivering the target volume dose in a single fraction. Longterm complications such as optic neuropathy and radiation retinopathy are dreaded complications of radiation therapy to the eye and orbit which appear with a variable latency of up to several years [15] . Considering the conversion factors for the relative biological efficacy of high-dose rate radiation [16] , the required target dose of 24 Gy may exceed the threshold of radiation maculopathy. Further disadvantage of the VIDION system is owed to the fact that the irradiation is delivered during a complete vitrectomy, and to the associated risks linked to posterior vitreous detachment and more importantly to the development of a nuclear cataract that requires surgery.
New aspects with regard to radiation therapy of neovascular AMD could include the development of a microcollimated system for external beam radiotherapy (OrayaSystem). The microcollimated megavolt therapy (Oraya Therapeutics, USA) consists of three microcollimated 100 kV beams directed via pars plana into the eye, crossing in the macular area. This allows sparing of the anterior segment while achieving an optimal dose distribution in the macular area [17] . So far, only results from experimental studies and a phase I study are available [18] . Theoretically, an excellent dose distribution can be achieved; however, the same thoughts as above apply regarding the effectiveness of irradiation for the treatment of choroidal neovascular disease and its side-effects.
When taking the currently available data into consideration, both systems should be only used in clinical trials. As the effect of radiotherapy in AMD may be the enhanced efficacy of intravitreal anti-VEGF treatment, the current trials like the CABERNET study may be unable to answer this question. A more effective trial could be to investigate brachytherapy vs PRN injections of ranibizumab after an initial loading dose. When radiation therapy can improve the efficacy of intravitreal therapies, the microcollimated system for non-invasive therapy seems more advantageous, offering a favourable dose distribution and avoiding the risks of invasive surgery and -from the data availablemight be cheaper than the VIDION system.
